Darwin chose the metaphor of 'tangled bank' to conclude the Origin of Species. Two centuries after Darwin's birth, "we are still untangling the complex ecological networks he has pondered," writes Andy Dobson of Princeton University and colleagues, in a series of papers in the Philosophical Transactions of the Royal Society B (published online) focused on food webs.
Food webs represent one of the biggest ecological challenges because they are often more complex than they might first appear, many are under increasing pressure from human activity and the loss of key components can result in a much wider collapse that is often difficult to repair. "In particular, studies of food webs provide important insights into how natural ecosystems function," Dobson says.
"Real food webs are most certainly not randomly assembled. They are ultimately the winnowed products of evolutionary processes," says Robert May at Oxford University, introducing the papers. "Early work in the 1970s helped to clear the undergrowth, refocusing the agenda to address the question of what are the structural mechanisms whereby real food webs and ecosystems reconcile complexity," he says. Increasingly rich collections of species have a tangle of interactions among them -with persistence in the face of environmental buffering, he says.
Feature
The aim of the present papers is to give an "account of where we currently are in terms of data and uncertainties about the structure of real food webs on land and in the sea, and about the effects of various kinds of disturbance on them, along with theoretical ideas about how such networks of interacting species are put together and how removals or invasions affect them," says May.
Ferenc Jordan, of the Institute of Advanced Studies in Budapest, one of the authors, says "we live in the age of the sixth mass extinction." Extinction rates may reach one to three species per hour: a rate probably never seen before, he says.
"We know that biodiversity is important, but we do not yet clearly understand its functional aspects and the possible ways to maintain it," he says. We need to know "more about Food webs are a key component of ecological systems but are often little understood and more fragile and threatened than they first may appear. Nigel Williams reports.
Tangled banks
Collapse: The decline in sea otters in south-east Alaska has led to a shift from kelp forests to sea urchin barrens. (Picture: Photolibrary/Bruce and Jan Lichtenberger.) the roles particular species play in ecological communities."
Global change has created a severe biodiversity crisis, writes Jordi Bascompte and Daniel Stouffer of the Donana Biological Station in Seville. "Species are driven to extinction at an increasing rate, and this has the potential to cause further coextinction cascades. The rate and shape of these coextinction cascades depend very much on the structure of the networks of interactions across species." J.A. Estes, at the University of California Santa Cruz, and colleagues document the decline in the population of sea otters, seals and sea lions across much of south-west Alaska over recent decades. The sea otter decline set off a trophic cascade in which the coastal marine ecosystem underwent a phase shift from kelp forests to deforested sea urchin barrens. This interaction in turn affected the distribution, abundance and productivity of numerous other species, they say.
Estes and colleagues say that they believe the decline in great whales may have led to killer whales shifting their attention to the otters, seals and sea lions as a source of food. They used a demographic and energetic analysis to test whether a predatorprey system involving killer whales and smaller marine mammals would be sustainable without a nutritional contribution from great whales and found it highly unlikely. "The depletion of large whales may have set in motion an ecological chain reaction of such profound strength and complexity that reversibility might take decades or may even no longer be possible."
Understanding network structure and how it relates to network disassembly, therefore, is widely considered a priority for system-level conservation biology. The knock-on effects of species reductions within a food web are increasingly of interest.
"Ecosystem robustness can be considerably reduced by species extinctions even when these do not result in any secondary extinctions. This introduces the possibility of tipping points in the collapse of ecosystems," says Stefano Allensina, at the University of Michigan, and colleagues.
Dobson has been looking at the food web in Tanzania's Serengeti national park. "The species interactions between herbivores and plants, and carnivores and herbivores, are hierarchically nested in the Serengeti food web, with the largest bodied consumers on each trophic level having the broadest diets that include species from a large variety of different habitats in the ecosystem," he says. The best way to preserve the Serengeti is to control "the external forces that threaten the boundaries of the ecosystem and by balancing the economic services the park provides between local, national and international needs." "Food webs are simply not seen as an appropriate tool in applied circles," veering towards a tongue-in-cheek description of food webs as a ladder for picking strawberries, says Jane Memmott, at the University of Bristol.
"The people who work on food webs have tended to work in natural habitats," she says.
She highlights that little work has been done on the food webs created by humans. "There are no, or at best very few, urban food webs, landfill
Interactions: The Serengeti national park represents a complex food web increasingly threatened by human activity around its boundaries. (Picture: Photolibrary.) food webs, farm food webs, forestry food webs, orchard food webs or motorway embankment food webs, despite the fact that these habitats can be extensive and are much more intimately connected to humans than natural habitats." "A major problem lies in the extent to which constituent species are often 'lumped' into functional groupseach bird lovingly identified, while individual arachnid species become one unitary 'spiders' in ways which can bias or cloud analyses," says May.
"Our general quest for understanding how the world works, and what is our place in it, is the quintessential characteristic that sets humanity apart from other animals. But better understanding of ecosystem assembly and collapse is arguably of unparalleled practical importance for ourselves and other living things, as humanity's unsustainable impacts on the planet continue to increase." Dobson and his colleagues make a more general plea for food web theory to be widely considered in plans for the management of national parks and the biodiversity they seek to preserve. "A considerable urgency drives attempts to assemble data from large undisturbed and pristine ecosystems such as tropical grasslands, forests and coral reefs." If the principal arguments for conserving natural ecosystems are based purely on economic benefits then we need to develop a theory that links ecosystem services to food web structure, they say.
"Our general quest for understanding how the world works, and what is our place in it, is the quintessential characteristic that sets humanity apart from other animals. But better understanding of ecosystem assembly and collapse is arguably of unparalleled practical importance for ourselves and other living things, as humanity's unsustainable impacts on the planet continue to increase," says May. me on to a career in biochemistry. There, I worked in a cancer chemotherapy laboratory injecting mice with compound after compound in an attempt to stop the growth of implanted solid tumours. It wasn't this work that turned me on though; that came via a different route. A small laboratory adjoined the one I worked in, where a young investigator (Louis Kaplan) was examining the biochemical properties of Ehrlich Ascites tumour cells. Lou was the shortstop on the Sloan-Kettering softball team and he encouraged me to join the team, where I ended up as the third baseman. Through our association, I started asking Lou about his research and as a result got interested in the possibility that I too might start doing 'research' on the biochemistry of tumour cells. Tarnowski said that would be fine after my chores were completed and the head of the tumour biology section agreed, so I started doing 'research'.
Once started, I was hooked. What excitement! That led to an evening course in biochemistry at CCNY and applications for graduate study at Rutgers University and the University of Michigan, the alma maters of scientists in my section at Sloan Kettering. Both accepted me; I chose the latter, ending up in a very oldfashioned biochemistry department that was in transition.
Do you have a favourite paper?
In my desk drawer at home, I used to keep a copy of Alexander Fleming's 1929 paper reporting the discovery of penicillin: 'On the antibacterial action of cultures of a penicillium, with special reference to their use in the isolation of B. influenzae ' (Br. J. Exp. Pathol. 10, . What I most liked about the paper was that something that had surely been seen and tossed away innumerable times before -a mould-contaminated bacterial culture plate -yielded an immense find to an observant investigator, a discovery that has saved countless lives worldwide. What Fleming did was pay attention to a bacteria-free clear area surrounding the mould. In essence, he followed the timeless advice of Yogi Berra, the former catcher and manager of the New York Yankees: "you can observe a lot by just watching". While Fleming apparently wasn't a good enough chemist to complete the purification of 'penicillin' (a name he coined for a clear sterile filtrate of the broth of What turned you on to biology in the first place? I always was interested in science without actually knowing much about it. I grew up in the North East Bronx and attended ordinary city schools, where being smart was not necessarily appreciated. I graduated high school barely making the school 'honour roll' acquiring about a 'B' average, and did not do much better at the City College of New York, where mostly I was interested in girls and basketball. I did get a few 'A' grades. One was in basketball and another in Physical Chemistry, the hardest course at CCNY, and the only one I found interesting. My son once looked at my college academic record and said "Dad, I am amazed that you ever got anyplace in the world".
It was my work at Sloan Kettering Hospital as a technician for George Tarnowski, immediately after graduating college, that really turned
